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imm&] mmm 

m&mz] mmnmmmmi*. K-^h&si, s, ses^'Te 

:n*;b3f- J: U K=¥^ -yyx|;i/^-©^$^nS!G a As ^ _ a P a ( 

0 ^ a ^ l ) Mi: ItMS *i<5 r £: l fE^^Hi^tf)^ 

[ff#^C3] SfffBK-A>h©^-v'JT^fr 1 X 1 0 1 Vcm 3 E(J: 
5 x l o 1 9 /c m 3 ^Ti:$ti-S)^i:^#^[^1--2>lt^:^2fH*©l§^^© 

[It#*6] f&3B«3fcffiffcJff«, K-A°>h£Si, S, SeiSitfTe 
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1 0 1 9 /cm 3 ^T, W!$&&&<DB&K.18^T 1 X 1 0 1 7 / c m 3 &>± 1 X 

i o 1 8 / cm 3 jkt tznzzzzftmt^zm&msmmnftybm^amm. 

J: 'J G a A s MHJfc 1 - a#*£V^G a A sMJtG a A s 1 _ & P a (0 
^ a< 1 ) «£U SSSGaAsSIttGaAs l- a P a^ C ' KwC> h 
£Si> S. SeSJ:t;Te©llifeS2i£{±^t5ilSIK-^>^I?: 

H v P E £ 2 ft Z> 3 £ & mm. 1. 1" § l & v % L 7 © v * -f 4x l « 

m *> ft frmr.mtzm<Ditatm¥m<*M z , t&faitMitjs 
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^flc**e>fc<&£Hjff&, tf©xy ^>^©^&8P#& < Stf <fc 3 ICttf 

SB a >f K 9 >f KSC*J»*tt j: y * © T * * £ &4*« i: * 9 

[fMH] t&8BS&-JS;fctft&aB#-*$:, tifc A 1 &-£^Ufcv> 
I I I -vi*fc-&fc4M!M*K:J: »J^rt"T 5ii:S:Mi:t5f^l 0f3«©#& 

^-te^GaAs i- a P a (° ^ a = 1 ) ^ * l ^ * - 

[SN^gl 4] fffiBHEgJS©Jf^£ 1 nmWl O 0 nm^T^HIt^ 
rt$:Mtt5fMl 3 flB*©^*^©*^**. 

[iMl5] l5IS»^»Stt, 2iP^±©III»3t*S^ (Al x 

G a i ) In, _ V P (fc£U O^xSl, 0<y^l) IZTM&Ztl 

5ni^7«y KM, iSteJB&tfp^^v FJBtftSrSBMfl&fr r ©JEJ*lCT3t 

©^Ttlfr 1 «lCfB«©#§^0^©^^^o 

;i/#l° ^±2 5° gT©ii5:ft5GaAsf^IItfeSrt^t 

-r^it*^ 1 5 tcf3«©#§^^-©i^^^c 

[»#sci 7] «riBJii»gft**tt«r«*7r>^« c i o° ^±20° & 

T©ittS:tt 5 G a A s #«1S«7?*5 i i: t S»M 1 6 fB«© 
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[Mis] fir3B&r:<z>Jicffi/*:Rxg leaser, GaA Sl _ a P a ( 

0^a<l) frbftZmmffii&WLMZM^J K9>f F^Stfc^&fC^U 64 
0°Ca±7 5 0°CJ^T(Z)^^T^f Z>Z.£.Z<&ffi£~fZ>m&mi 7fB«©?§ 

fufB^ JfSP M «i -^M^J^iS ic J: y 7£#c 2 *i T & y , 
£*lfcS:fr<Z>Ci§S#7 x 1 0 1 7 /c m 3 J^T^&£^h£#^£-r£if^ 

1 9 mm&ftytm^o 
mmftytm%m* 2mu-tv> 1 1 1 m^mz^ts (Ai x Ga 1 _ x ) y in 

1 _ v P (fc£U 0£x£l, 0<y ^ 1 ) iZXMf&Zn&nMV^V FJt, 
iSffiM&tf p£!*9y F»#, liffia«ffiffiI^e>ci<Z)JK^JCT«t»3tifef 
^nfH^fc^U ifffina^^yKI^Si, S, SeSJc^TefDlS 

^fe(i2ia±l: K-/^httSnS (A^Ga^^ y I ni _ y PlC 
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/^F^y^M-0)^tV>nSGaAs l- a P a ( 0 = a = 1 ) Mil 

ffifi&:BS5lCJ:*MOtf»£UTJgj&Sft, ^ftJG^©8&##/W K9>f F^ffifil 
««6tCi:SHV P EJl»2i LT^Sftfet»©-e&Si^S:#«^"tSlt#3S2 

[» 2 4 ] ttmmt&nmaj&i&Bz & 5 ^ mj^_h 200^ mj^T^ 

•f SZL^fc^M^f SfM2 1 fcV^U»:££2 3GDV^ftfr 1 «{CfH«©^ 

[ft 3^2 5] t&|B««Bfi6»M©l?fiH«SS:^'rsfi!f©^®S:#tf^ 
jggptC, Si, S, S e fei^T e® litfctt2ig±i:2tlS K-A> hCD 

^t'J7», «&IBlSt8iKK-t:>^*K:feV^T 1X10 1 8 /cm 3 «±5 
X 1 0 1 9 /cm 3 KT, tfflBJS^©fflJ^tCfeV^T 1 X 1 0 1 7 /cm 3 g±l 
X 1 0 1 8 /cm 3 «Ti:$WIil^tt £ If #3(2 5 IB«©«3fc3R-7-. 

'JtiGaAs MSirb 1 - a V^G a A s fflSitG a A s x _ a P & 

(0^a<l)Jf£U ^»WGa A stRSJtGa A s x _ a P a jgtC, K-A 



2003-3041348 



#2003—137052 

« 

[0 0 0 1] 
[0 0 0 2] 

(A 1 X G a x _ x ) yln^yPH (fcfc'U 0<x^l, O^y^l 
; £*T, AlGalnPIS, & S V^iflMC A 1 G a I n P £ t»3B«"t -5) 

y^Mai^rtstife^sR^tt, i^AiGainP^ttgt -etu:»;% 

A> K^f-V *;^§^n|!A lGaInP^5f Kii pMA lGalnP^ 

9 v KM £ ic <k y -b- > K>f v *qx#ihn 9 -ffr^Tr nW7gzmm?z>z.£iz£ 

»KT#£ftSl83fc&3iyffl"tfl!f#, nSA 1 G a I n P ? => y KJfflfJfcfctep 
MA 1 G a I n P ? 5 >y KMM^lTtl^ggM £ *l£ o #38ljf lC;i3V>T 

0 o*y, ddTtt, nlAlGaInP^7«)/ KlW^^^^tt)© 

[0 0 0 3] 

flffAtf, A 1 G a I n P»3tH?S:«ICSnH P lGaAsS«±ICAfD 
^$t5f{CT, P lGaAs;t-y77l, P M A 1 G a I n P * =7 V KJS> 
A 1 G a I n PvSttJS, nMA lGalnP^'V KM & ^ ©JlR^lCT^M U 

[0 0 0 4] 
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ft s ytmmmm&mm £ * £ < -e ^ s <z> t% ytmmv mm & i*j ± s £ & 

^5tm*&it^ns-&s^** ,! ^sftTVNS^, ^.(Dm^^nmmm^^^^ir 
nizL?>mvtffr<. ftmmwm<Dtt'p k. * y sp o t fti&ffi* #ihr 2 ft & ^ 
^icffioTv**. * ^ y KM© K-^> h © * * y r?g^t> vat itmn 

ftTfcy, ®«;#faicii*iffi#j£#yK<v^fa#fcs. rft«, iiillil 
^©««s*a:«»s:^j«*rs^«6*^fflsft"cv^s. tfs:s\ jw«©«ifc*fcffcs& 

2»ifcJi i: z. £ £ S #na*rtrT? 3 ft b&m 

l&ftJfSPil^lC. ««4M«tfB/&R& (Metal Organic Vapor Phase Epitaxy 
: J^T, MO V P =fcV^) K. J: ^ISWrt^of:. 

[0 0 0 5] 

_biH © J: e> #§ 3£Hi^ tc £ W S ® W # fa «^ £ + # & if Z> 

< lt^Sft5©^H»Tf»S. bfrb, MOV P Ei£W:Ji/&B3&K#/J>£ 
{STiin* h©Jt*£IS<|fgja#&<5, IIIISiitLTMOVPE 
lig^ttcor&J^Srlll-SfetoiC, I I Il7cMC*fltVi^S (AsH 3 , P 

[0 0 0 6] 

MOVPE&tCj:y^3ftfem8fEfi£«:»tC«, irateMa^fr&^H 
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[0 0 0 7] 

S©K«i:&»;^-5. fit, «tt&ftJftfi<z>« 4$K»#Jf 

[0 0 0 8] 
[0 0 0 9] 



ffi|IE# 2003-3041348 



#2003-137052 

[0 0 10] 
[0 0 1 1 ] 

(Hydride Vapor Phase Epitaxial Growth Method: J^T> HVPE^t^ 
e>) &m^Xj&f&1r& 0 HVPESli, jSK£CEE©{£v*G a SrJft-fbTtCaR^^SlStC 
<fc 'JMbWGa C 1 tCfe&U fGaCl Sr^i: "T 5ft* Vj*7fi**# 
XtG a ^Sr^JC53i±-Sr illCJ: y, I I I - VM^«f*i#*©*ffiia*& 
ffft-5*«ST?fe*- MOVPE^{C«j:5l^S^4 /tm/^t^^OCf 
lHVPE^t'tt|fj9 /tm/|T'fetJ, H V P E^lCj:-5 ilMfilS^MOV 
PEffi<fctJ < T*£, fe^SSf^ &K**«««*»%#f&£lMMSK:T 
TgffcT? £ 5 tf> T% lUHSffSrMO V P E &k J: »J % 5 ^ JCffi < flr A. 5 £ £ 
5c HVPESt'H I I I&TcMM£.VTl^fflt&%ffll&M&&.R}1£*?* 

i i is?7tiga8ic*f'rsvi*7c3(iaR (a s h 3 , ph 3 &£) ©Be-^jt^t»tts 

[0012] 

#tC«MJ£fi:S©W«i:l/T, GaA Sl _ a P a (0£a£l) ^SMt5 

#3&fBlC;i3V*T, GaA Sl _ a P a (O^a^l) it. GaPjB 
HJtatf 1 <Dm&*'&t2<DV, G a P ©M^fc^T* V^- ff&^> G a PiUHit; 
a # 0 GD^-^t^tf©"?, GaAstft^ill/T^, GaAsliGaP<t>J 
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^"TV*. iot, G a PMSJfcattO J: »J < Kit'** £ il LV^ 
[0013] 

^-itJt/^F^f 7^X^;i/^-0^tVMilGaAs 1 - a P a (° = a 

^ i ) mtisTi&mzti&z.t.&m&t.'t&o *$&mK&^Ti$, mmmmmit 

H V P E miZ <fc »J J*** £ CD T% MOVPE^^fJH^C D (C < 

V*. «oT, K-/1>MSi, S, SefcJ:tfTe<01«*fc 

»2l«±tbfenSGaAs l-a P a (° ^ a = 1 ) MULXm^-t^^ 

A> hco K-tT>^S»a»sS:»*WtCl««)«6 3t*«BriBhJ&S. 

&ffc»fcJt«LTtt£fr£^*lcW«>S;i £#T*££r fc&;fti*U ISStlt 

mcdc^m^, x i o 1 1 / cm 3 MTiz>g #) zzt-tfasm-zzb v. m. 

mmRVAT l x l 0 1 1 / c m^nm-fo&^lt^nZkT) iltsri:* 

JtlRW&S-C&S. o£U> «tfc»fWf©/W F9>f F^ffi^iCiU^S 
tlfeas^©CaiS«, 7X10 17 /cm 3 ^Ttt5it^t*tSc ^fe, F 
-/\°>h£Si, S, Se^i^Te©lt*fcli2ig±i:ltnlGaAs 
1-a P a (0 ^ a < 1 ) Mfr<b&£*^fi£$tJ*te> 3fc©iR£OT!lbTftmffiL 

tA> ^ , x*;i/d 5 ;-^^:^<^5<fce)tc, g a PiRSJta &S«t5i 

[0014] 

*SE*£«CiBlCfe^S, Si, S, S e £J:t>*T e CO 1 2 SJgUifc 3ft 

SnMcO F-A> hCip^iJriKtt, WZ.lt 1 X 1 0 1 7 /cm 3 ^±5 X 1 
0 1 9 /cm 3 gTiltSrt^T^^. t©l£tl©nSF-A> F<Z)3f^ U 
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rmmwi x i o 1 7 / c m 3 ^ffivte+fttemmmtm^mmm^-hmbtiir 

, 5Xl0 19 /cm 3 *mjL2>iL&&ikiZ& U *gBtttf iSfcjfotlS. 
[0 0 15] 

T% MO V P E t*[iiie5|4i||S©«lfflWT*^Ki4 2 0 * mJSU:<Z>«tftJB;ifc 
3©^, KfB^3£« »ft*»©3fe*ffi®«JCttWL 
[0 0 16] 

[0 0 17] 

or, mmi&%cm<nm2\** 5 /im^^m-Rur^ lv^„ 
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< it 2 o /tt mJgATJcSabSr Lvn£v>*i£ 0 tffi#> US*© ^ i: < , 

o 

[0 0 18] 
[0 0 19] 

JftftS&nSGaAs i- a P a (° ^ a = 1 ) S£ ^ o nM^MMWf 1>T 

y ^ftsc^pSFwo h t. isxmnswp 

PS#*£T?tf>nl?K-A 0 > h©H«7-^>^t<, W««K-kr>y»%» 
, ««ifflft»fc/W K9-f M^fiffiCJ: U^StlfeH V P Elf 
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[0 0 2 0] 

jlflsifttcte, K-/1>hftSi, S, S e £ <fctfT e (D 1 fel± 2MJ^±il 

ftKo^T, lSa^K-tf>^MlC^3V>T«, 1 X 1 0 1 8 /cm 3 #Jt5 X 1 

-A>hO^'J7»iltfl X 1 0 1 8 /cm 3 5fcSn?ttU WmKK-fcr^Jf 
©®W^I^©«?«ta:«tffi5ia*tc2.L<3Qi*;, 5X10 19 /cm 3 

[0 0 2 1 ] 

SF-A'> hflDSp-YU 7*£#1 X 1 0 1 7 /cm 3 gll Xl0 18 /cm 3 
gTt^otVN^r bVN 0 »fflJ^©nSf h^^-r U 7il^ 1 

x 1 0 1 7 / c m 3 nyt%im<D&T*m 

$Ut£, F-^>MSi, S, Se^J;tfTe0 1itfcft2g^±tbfcn 

tf>y»lCfeV^T 1 X 1 0 1 8 /cm 3 ft±5 X 1 0 1 9 /cm 3 gTtU ffi 
«SK-tr>y»^©«^©aP^t-^^T lX10 17 /cm 3 WlXlO 

[0 0 2 2] 

«mfitt»SttG a PJCT#^"t*l«, Ga PteJfc«H8J£vv^ K^-vy 
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[0 0 2 3] 

— G a A s £@H-&L£G aAs x _ a P 'J *8fe&ffcJS £ 

, jetT^^ejJ&jpJj^^-rs. GaAslt G a P fctt*TJ»;R»«#ffi<, * 

U*£<&£ £e>lC GaPCliiU^O. 5 J£* _L 0 . 9 J^T^HT'igJft 
<6££#M*b^. GaPffllSJta^O. 9&®X.££, GaAs©I^M 
/h3 HVPE2felC«fc»J^'rSlS©^ffijK^lS<Jaso-T K-A°> 

#0. 5tMS&T»W:, GaAsClWK^'i, ^>K^^^i/Mt^ 
m. JR C ^ I - < s tfi & Z> = 
[0 0 2 4] 

*SK*fc»*©*«^aP^S:. ftlWi^i'JtGaAsIIJtl 
- a^S^SG a A s MSJfcG a A s x _ a P a (0ga<l)Ii:U ^ 
WG a A s *i(HJ:bG a A s 1 _ & P a JftC Si, S, S e £ «fc tfT e © 1 
fett2«JK±€:naK-A> h© K-A°> hiUCfcf K- fc?>yji&7£J& 

K- tf> **Ji fc*f fi|S7?<z>«S8©lii^fi£tlt«6* & $ e> tc^fj 

JHfttCtf.^* ~ fc#T*£5. iGaA sMUJtG a A s 1 _ & P a Jgl«*lS 
F-tT>^M«fc U (0. 5^m^e>2/imII) J?<^«t6©««J:<, 

W««F-tr>^MS:«it.tf 1 /tmJ£JLfc4 MmJSTFKTJgja'*'**^ SGaA 
s iBUJfcG aAs i_ a P a®^ 2M "^-^ 5 ^ m^TtCT0J&-T & £ «fc V>„ 
[0 0 2 5] 

^(BIC^T, ttftSftffeJH** ^<D£#£HVP E&lCT^ct-£^££^ 
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d<Z)£e>&*§^> Sa»«fcJi«> *8#»asfcsrr 
ffi/ft*&(c «fc y 7£f£<* *i £ H v P E MS 4: T4x tf , «m&»S<z)ilglM$#ft-t L 

[0 0 2 6] 

MOM&SI I I-V«^«4 6 ##J:y***«6IHJh*S:aitt^«'r«ii:«< 
£tt#«Mtf>ll&S I I I -V«ft-&*^#ftJ:»j35fc*««|fljhJi&«l»m«'t 

«>©«JEES:PPilILfc»^, ft©i^S(i«SitT#j£ til < , ftlfcmWc 
. -eit', ±flB©J:Sfc*mifiiLtf «^.»i**©««ftTffi*JCfe vnT«$IS 

[0 0 2 7] 



ffi|iE#2 003-3041348 



#2003—137052 
fflftZ'P&<£%, ^ZKD^m^Jin HVPE&) iZ£i<)&f8 l -tZ> 

m^xmrni^yj *r*&W}-&yr j yy-rz^izte. wmcomMmmmnft^x 
j;e>&m^Mi&^i%;&H3:£A,£f£D-f, mmco^m^mm&mm^m^n. ± 

[0 0 2 8] 

o£'JnM) CO I I I -VM;i»¥^#J:y&3i§--ji^ «MitJi £ 

(o^UpM) co i I I -v^b-^^^<fcU^^llziM^&^ 

#£m^*bj&:BM£ (movpe^) iz^vmikmrntZo 
m£&z^£3ft*mLTm&comftz^v*y 

fit, fg-cA^gj&^x^te, I I -v^fcilrW 

^-TK^ffi^S (HVPE&) {Ci: U^iTS, 
[0 0 2 9 ] 

mzm&? &m^<DW&m.&^M*> ^ytmBcomm^n^>m-co%m^j:m 
izm<mx% mvMovPEmz£vmMX"%z>covffimMT*$>z> a zn^m- 
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[0 0 3 0] 

, m-M. ^-M^tJf||H®S:V^-ftl=fe»Ga As i-a 1 ^ (O^a^l : ^ft 

(Z)*£V^ tCi»J^t5Z:iiras. ZltUi, HHjf £HV*P E&tCT7£f£ 
•TSBRtC, GaA Sl _ a P a (0< 1) 

#f&e>*i* y, m o v p e ic «fc u ?i^$c £ iff % z.niz&t> j && 

tiMT'G a A s i _ _ P „ (O^a^l) £Mffl^£ 0 * fe. f&— iff CG a 

X a. a. 

As , _ P (O^a^l : »^MfiP(3Dt:-^^?ft«tC>y-JCSLfc3tx*^/^ 

J_ cl 3. 

IRJc®f5f-^©^jy#^.*^Si:«:y, »3ii^««i:*i*. #JfcoGaP 
5. 

[0 0 3 1 ] 

fcfc, m^M tm-mt.lt. H»ICGaAs 1 _ a P a (0 ^ a ^ 1 ) t-Sot 
%#*Mte£*f££ft£<. Si, S. S e £ £tfT e <D 1 feli 2 

gg±^niK-;t> hh-TSn§5[GaAs 1 _ a P a ( 0 ^ a ^ 1 ) Jf £ iT 3 

GaAs, P, (0£a£ 1) ZL©^©«^fi£fCJftt, 
MOV P E&JCkSSBHffc, HVPEiStCiSfHlilTnlF-A^ h<Z>« 
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[0 0 3 2] 

, ct»J, lxi0 17 /cm 3 
«±2X 1 0 1 8 /cm 3 J^Tlc+^lc<S<|g^bTfe<i:> l»»ftK-fcT>^ 
I^f,©Si, S, Sefej:t;Te(Dlltfeli2gg±i:S*lSnSK-^> 

[0 0 3 3] 

x y ^ > ^feff * ot=fej:t^, x >y ^ > ifWL * JB V>fe^fb^x >y > if tfffiteT? 

#&£&WK:xy^:/^£S%<B&&M^5£fc##* b^. bfrb, H^JS 

& ^ tf & Hfx y > 3 v*?K £: M T x y ^ :/ ^ & frfc 3 i: . 

x *y * y trmi!&*& L T , m-JS tc * *e x vy ^ y ya&Wifiizg < & A^T* b £ 

[0 0 3 4] 

r©J:e»3&»^, «-Mi:»—J» folate, iPBSm^*ifc%*tK©Mfc* I 
I I -V«fb^ft^#^e>«;SjSSlzgj»S:^#^U, x*y^>yx3S&CfcVNT 

iHlfct^Wi ja^3&S^(xv^>yffiS:^bfexv^>y»[S:§*tcKffi 
^bT, I©i^j!X^f>^5:i-©X'vf>^IibT 
MVNSZiilcJ: *J, x-/^>^XSlc^VNTli^HM^x»y^^ h v ^Mt b 
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®ftizmffi>m.±miz£ ^m^m^n^mftiz^r^<Dx% nytm^mzM^ 

[0 0 3 5] 

zammmit* au^i^im i i-ym^m^mmzxmm-t^^t 
mz. zLvrxhv^mttez^vsmizAitf^mztiT^zt. ^v^-y^w. 

m mm tf> S ffi 3 ft £ H — <D x «y ^ > ff WL iZ J: y x >y > ^ Bfc * L T Ifl H JS tf) ^JeR 

s:*t a imitm^oy^-v^-y^om^f mmm^ 
LTfHi&^tsi:, AiaMtMcj:yitt^«tt#*;to**±, ^sjf©^ 

[0 0 3 6] 

MA#> 3Hzi«£pMA1 d G ai _ d P (0<d£l) XlipM(Al b G 
a l-b ) c In l-c P (0<b^l ; O^c^O. 5) iZXMfc-t Z>m£?& 
, m-MZ: nSG aA Sl _ a P a ( 0 £ a £ 1 ) {CT?£f&U 3H^JS&C;fcf-r & 

^-«£m-SfC#UTP^II&<^x>y^>^T'£3o L^U ^jflci££ 
*l£A 1 (DM^^IIi:^^«-^tt> mzlJi^ PIG a A s 1 _ a P a (O^a 

si) icT^-r^r n-tfm%}X*&z> a z&m&iz. m^mzit^v^yyiz 

VnQ a A Sl _ b P b (a< b £ 1 ) iCT^$ tlfcUKJi fc^Jf-f 

zn, m=zm£mwm£<Dmizizmm^vryy'&ztt¥L^-*<&z> 0 #tc, 

f-I^-Iil^GaAs 1 _ a P a (0. 5=gaS0. 9) fr&fcy, *B9 
«#G a P ^StlTV^S-ir, £IQjg iC J: -5 X y h y :7$frJ|l#.®^-e&£ 0 



1 9 
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•4 * 

m&miRx. v^-yv* nmmzfit* ^t^t*ts 0 

[0 0 3 7] 

mmmv>m&te i nm^±i o o nmSATizm&i-zz. ttfMt. uv\„ 

Wl nm*it'lii>yfX h 6>ftt\ 1 0 0 nmj: 

[0 0 3 8] 

<Dm2* 1 O nmg±5 0 nm£AT<D^Ztemffliznfe-?niZ. HE3 
[0 0 3 9] 

HSftMSlHi, 2»J£U:<Z> I I I ^HtSr^fr (Al x G ai _ x ) y I n x _ 
y P (fc£U O^x^l, 0<y ^ 1 ) \ZTm&,2tlZ nMV^V KJ1, 

MlCJ: y, ^AStlfe^-^^m^^^v^ttW^JCWCat^fetlT^J: < 
[0 0 4 0] 

#ft«^fliJBsns#^aii«©|gfi±«i*«, <i oo>*fctt<i ri>*jc 
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[0 0 4 1 ] 

2m&>±<ni i imftmzistim&<£&#¥mftfre>&&aftMB* mm* ( 

A1 x Ga l-x } y 1 n i- y P*^^M^> #Ma«ibtt7 
T>^/£^3&V^<Z)£^fflL££#, III» (Al, Ga, I n) © 

&^<lt, l§3 , 6M^©-rtl$:IS«-r^^^^#^^tl^o b^U A IPO 
MHit£K#)£3£te, H8»J*##*&*S:£IrHC/<> Kflt^^ttf SOT* 
, $8ft3£l£<Z>teT ^oT, (A 1 X G a x _ x ) y Irij_ 

y P3&^©2«jet_t©i i i «tc* &*tfaftft"&«*#«jc 

<ri:T\ _tfa© £ e> & i i iMKm<DMmfc^mvtf*miz&mznz>rc.to"e 

[0 0 4 2] 

MOVPE«StCJ:y^UfeM»3t»fflSO_ttC, III-VM^« 
»J«i*«iKJ£fS:MSHVPEastCj:y^rt , r*i:, MOVPE^LP 
E (Liquid Phase Epitaxy) £ U «M&flfcJi Sr^-f S»-&4l*Kfc *J , 

o fit, ««lftitM©*lB«<¥»fl:S*i*i:, «*lfc**±CflMfca*i**tt 

[0 0 4 3] 

(Al x Ga x _ x ) y I n 1 _ y PtCT»^*»«:**'r«»^ «?H« 
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mz, < i o o>#fpjx&< 1 1 i>*fazmmiyfo£LT. mm^mizft-t 

5t77>«r g±2 5° J^T©^lft§:*t-^G a A s l^HS^I" £ 
h;i/7D7 7^^WIS) <Z)A9^dp«I«I»*tCS.l/<*y. 2 5° 

z£m%m®<Dfci%*}&&tf*M£tez^&ft&2>° wnftmz. #&c<ioo> 

[0 0 4 4] 

^*gSIS«tt» t77>Wl0 G «±2 0' 0[T©±i[$:tt5GaAs 
SGa A s JMg£&Mv^fc, HVP ElCfcSSIZlC^tfflfiSiSXeiCTflfe^FWJC 

i^bfci:r5> t77>^®r J^±io° *c*i<0*Bii3£«£:JB^Sfc. h 
vPEfcT#e>*is«ffi*£ffctf©^iiK:fcv^ , tfcj:, ^r-fe^ h 6^=&ig«|rgcD/j>^ v^ 

tM^tff^-r^ >^Xg%K:t3tt£»tfcffi^<Z>*:fc-£S: 

[0 0 4 5] 

£?#£SCli, H V P E SiC J; S«^tJi©{SfiSS 1 5 r il t , X@ 
_h#J^1-^^M^^^-r > hTfe^. f^li©t77>^?:l0 o £*±2 
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mwfrbffi&mm^o k-^°> bt&mznu-t&z. tizzy, mytm^omm 

[0 0 4 6] 

-Hfrfcfc£*-£#S>5. t7T>^iiJ: l Jl*b<lil 3° ^±17° J^TiC 
[0 0 4 7] 

^-(D^B^x^icfc^T, g a a s x _ a p a (o^a^i) 

SffiSS: 6 4 0°CJ^_h7 5 0 r;#T<&ffi&K:&J£ , *'<& w l/V*. ^Sffl* 

^6 4 ox;^i§T*te«Mf£&:Ji (D^ffi<Z)¥?&ffc^, 4#tc^jg*K©jiei&*P!5<z>$8 

_taa/**ifi£tt, <t l< «6 8 oicjs*±7 2 oTcar (#tc^-^T>^;i/ 

#13° g±l7° J^Ttf)*^) fc Kit J: z.<D£z>te^mn 

[0 0 4 8] 

mtmmt> 2i«±© 1 1 imjtm^ti (a 1 x g a x _ x ) y i n 1 _ 

V P (fc£U O^x^l, 0<y ^ 1 ) ICTHUdoStlS nf7 7>V KJf, E&ffi 
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fc^U ^o, n^7«)/TOSi, S, Se^J:0!Tefflllife|j:2l« 
±& hi:tSnS (A 1 X G a ± _ x ) y I n x _ y PfCT*«S*l, 

fro. «fflH^^^©tf-^^MSic*f^b^3tx^;i/^-«t y%»/t> 
K^^l*^-©^VMiMGaAs l-a P a ( 0 ^ a ^D 

[0 0 4 9] 

(Al x G ai _ x ) y I n x _ y PCD^^^-n^Ki&Mv^T^JiaPS: 

*#ufe^s:»«"r«fc«)jc, ni?7^ km J; y % ns k- a> h <p&mwkm 

[0 0 5 0] 

Si, S, S e &J:tfT e © 1 S * 2 SJSU: bfengG a A s 1 _ & P a 

tfeMSrHVPESicfcy^-rszi^-e^jc^-e^*. ^©^m, mmmwc 

jf^CDSi, S, Se^J:lJfTe©li*fctt2lg±tSn5nSK-/ , «>h 
[0 0 5 1 ] 

38#»aP£±ga©J:e>lC (Al x Ga 1-x ) y I n 1-y P (fc£U 0^ 
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x^l, 0<y ^ 1 ) tCT**f«#^, l«i(I$:nSGaAs i- a P a 

(o^ a ^ i : &%m®<D*:-vft%WL&\zMm\sfcybx.% )\,*?-& k 

9>f K^Cffi^«jSK:j:SHVPE»as^L/T^'r*l«J:V^ SBfcJSas&fct- ( 
Al x G ai _ x ) y I ni _ y Pi:, ISItfl^fttnlGaAs^^ 

a (o^a^i) i&^£»<Bgi£#*£ <&*;■*> -rv>#, am©* -sic 

[0 0 5 2] 

iy^«atlfe»^©C*«S:7x 1 0 1 7 /cm 3 gTi:nr^^t5 0 

[0 0 5 3] 
[0 0 5 4] 

•^tf^Mastctt, si, s, s e &£t$t e<Dm*.t-i*2m&>±tznz> K- 
-tr>^MS:^t* srt^-ets. ms&JfttfcSte, K-/t>hfesi, s, s 
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« * 

cm 3 a_h 5X10 19 /cm 3 J^T> gbfc0>fflS#tCfcV*T lXl0 17 /cm 
3 JSJLfcl X 1 0 1 8 /cra 3 «Tilt53i:^t§. ££>{c, «^rajiic^3 
^T, Wffi&mm®ft*. *tl^©aiS^J:»J*»GaAsMJtl-a^gV% 
iGaA sI^tGaA s x _ a P a (OSa<l) IfcU ll^GaA s U 
lifcGaAs i _ 9 P a IlC K-A°>h&Si, S, SeJSi^TeClI^ 

X a. a 

[0 0 5 5] 

£ fe, ftftff ffiRtftttftlfeff © x bT * 3f */ * ^J&^CM "T £ 

mu^mm± iz^mm & ^«^Mftffl«*» k «t y matt s 31-©^^ 
lit, 

[0 0 5 6] 

#*sns«±ic »3fc»as^^«^M^*B«*ffijc «fc y tir & y , 
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[0 0 5 7] 

mftmmiz. 2i^±© 1 1 im^m^ts (a 1 x g a x _ x > y i n x _ 

y P (fc£U O^x^l, 0<y^l) iZZMf&Zil&nmt^v KM, M'ft 

^o, n^7>yKI^Si, S, Se^J:tFTe©ll^fdj:2lg 
±& Kw^httSna (Al x G ai _ x ) y I n x _ y PKlT*fifc3*U 

£U fro, M^e-^MtfiicMb^x^^^-iijt.A^F^ 
^>^l^;i/^-^§VMiMGaAs l-a P a ( 0 ^ a ^D MtVXm^. 

[0 0 5 8] 

Hltt, ##§!£©-JtgMmT'&£^i§^l 0 0 ISft 

i^ioon pfGaAsiisisi oar, v^eo i0i-±^ 

J&f&ZnX^Z. »«1 ®^i®MP 2flfltC8\ |sl c < 2 0 

9 <Dmm<DMWtfftybmm 2 4 a* e> ®3%%miH« t s *it s. * & 
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tfy^j yfnv K 1 6 #M stress. 

[0 0 5 9] 

mytmmz a «, y > f-^ (Ai x G ai _ x ) y in 1 _ y p c^eu 

O^x^O. 5 5, 0. 4 5^y^0. 5 5) ai^e»45?Sftl5 S:, nS ( 

A1 z Ga l-z ) y In l-y P (fc£kx<z£l) ^?>4Sn^7'y F 
l6ipi(Al z G ai _ z ) y I n x _ y P (f:^Lx<z^ 1 ) A^fcS 
Pl^7f FJf4 £lC«fc y^^ilSffS. H-«M9{i{Cn§i[A 1 

Ga I nP^77 KJfetfKHSftTasy, OfCpMAlGa I n 

P*9y KJS4#B2*3*lT^£„ tot, 9 «![#it*Z?&S 

j *ilttf>SBiX3gJ:, ^nTittWtcMA-r* K-^> h^©^ 

W 1 0 1 3 ~1 0 1 6 /cm 3 m&&±l8£: , *S) £ S =fo©T* 

[0 0 6 0] 

tMfl7(t K-^ht:Si, S, Se^j:t)fTe©liifc(i2lJ« 
_til IfenSG a Pf £ bT7£/£3*lT V^, «&&BtJ» 7 tfJ©C 

»S3ttJf, Si, S, S e itfT e © lS*fett2 t^±i: nS 
>h©^tlH -eji-eri, nl^7-y Fit 6 »;=M^3< 2 tlT 

3£lC, «^MJff 7 {C tt, »-«ffi9lC^jS-tSffi«lC, p§KAl d G 
a : _ d P (M*tfd = 0. 2) J:U^^«^PlltSl 0^iISg^$tlTV>^> 
o «$K&flfcM7©^fRJ?3 t Hi, Mitf5/ima±2 0Mm^T (-Mtbt 
, 10/itm) M^PfiitJf 1 0<Dj¥$ttO. 0 5 /tt mJ^± 1 mJ^ 

T (ii«0. 1 /* m) 
[0 0 6 1 ] 

7 0Dje-«S 9 &^Jt*Sffl<B±*®&-£tf*JiastCBU Si, S 
, S e fe<fcOfT e<Z> ia*fctt2aj^±^$ti*nMK-A> h 
itfSJ&ffcJi 7 fo(Dm&<D®ft <k UfcifiK Stlfc, i«»£F-tf>^»8#Jgj&;*n 
TV%£ 0 ««gfi£ffcJB 7 © S i, S, SefeJ:t?Te©lgtfcli2SJ^±i:$tl 
6naK-^h©dp^'J7lgH F-fcr>^Jg 8 ICfcv^T 1 X 1 0 1 
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8 /cm 3 ^±5X10 19 /cm 3 J^T (fllAtf, lX10 19 /cm 3 ) V 

feu. wmmF-vy'!fm8Mtt.0Bftiz&^x ixio 17 /cm 3 «±ix 

10 18 /cm 3 «T (Mx-li. 8Xl0 17 /cm 3 ) £S*lTV^ 0 
[0 0 6 2] 

«a>gF-t: 0 >^J»8(Di?$ t2ttl Mmgl4 Atm^T (M*-tf3 m) T* 

mmXmz&^Tm (Nmax+Nmin) /2£:&5&fi£, F - > 

©K-A>h^a^^Ca«li, (Secondary Ion M 

ass Spectrometry: S IMS) IZ J: y tWJt 3 *l fc % 0) !& V^o * fe, ^'J7 

[0 0 6 3] 

#fcfc, MOVPESsJCJ:»J^Snfe*— *7 aT»*. * fe, ttttl&JhJV 1 0 
{CMUTm-M7 a<0S^«»Ctt, M^-JS7 a 4: & lcm«£lfilfc* 1 0 & < 5 

fflnmmmtfSi, S, S e &<fctfTe(Dl iga;fctt2MJW±£ 3*1-5 n§?F- 
a°> Mc<fc y ia«&<Z>iSri&KF-lf >^I8 £3;ftT^£. 

[0 0 6 4] 

§ff*9»y KM6©c«« l 5x l o 1 7 /cm 3 mm) *»;*/hS<« 

uttifticte, a >f K^>f K*ffi«*»cj:y^i«snfc 

MfflCi^S: 7 x 1 0 1 7 /cm 3 gTi:n3i:^tt5„ *HJ6^JBT?» 
, «SKfifelS:M7©^"b^-jg7 a«W-ttMOVPE*SJC«fc»;^3*l, £©«S# 
<DCmmi*&'p-m<&2>o L**U f£i7bOCiStt7Xl0 17 /ciii 3 
EtTO'J, ilS, 2 X 1 0 1 7 «m^. fg-JS7 a©JS£lifSZiJi7 bO 
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M^^y FJf 6©c»arj:»; %+^ic<£v^ffli:*s. fit, nmmnmi^m 

»Sr* , r«H» 7 btf>e>*>, *««K-t:>yM8S:»v^fcaJ^tt, Si, S, 

*^>y K*6<Z)^»£J:yfciB<«j£LT*N p M K- A> h £ LTJg|ie> C 

"7 <£> foj_L & HI 5 r h #T*£ 5 . 
[0 0 6 5] 

mtio fit, «^«*7K:fettsi«««K-tr>y»8^©«jsas^ti, 

[0 0 6 6] 

7 a ii^HS 7 b i: s m Cft^«f## 
f-17 a^rnMGaAs x _ a P a (^^jf§P®^- 
tt, ^Hf 7 b&niGaPi:t5) . f-17 a tfHf7 b fcttV^ 

[0 0 6 7] 

WT, Eaio»3t*?i o 0©sgi£#i&ic^T§it8-3- 5„ 

IT, Hma>iZ^-t^oiC. f0S«l O^i^IMP 1 IC, pSGaAs;t 
*;7 7l2 5:^tf0. 5 Mm, &V^T*, IS^JSnP 24 illt, < A1 x G 
a l-x ) y 1 n 1 -y P ******* UmCDp^5yKl4 (plK-A> 

0. 6/tm»ffifiS (;>K-7") 5, <im©nS^'V Fjf 6 (nSF 
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;W&gtt, ( »MO V P E&ICJ: »J??fc;fo*l&. Al> Ga (#U ^ A) , I 
n (>f>>:^A) , P (U» 0#^«i:«iSiR»^Xi:bTttJetT©i:^«: 

• AlEbtf* ; b'J^f;i/7;V^-^A (TMA1) , h ijxf jl/T^^-^A 
(TEA 1) ; 

• Ga?I#X ; h'J^fM'J^A (TMG a ) , h'Jxf;!/^^^ (TEG 
a ) E ; 

• I nUtiTs V U *^;W yVVb* (TMI n) , h UxfjH>y«?A (T 
E I n) 

• PMJf* : h U *^;WJ > (TMP) , h Uxfib'J > (T EP) , *X7^ 

> (PHg) 

[0 0 6 8] 

, f X*\ZBm2tlf~9&ybMm2 4tf)_t{C, nlGaP^e>«Sf-l7a (MO 
JfSPT'fcS) fc, ««KJhJi'&<fe , rpfflAl d Ga x _ d P (09*.tfd = O. 2 

) ^£>&£3lxjff 1 o' tSMovPEiiciyiii^ts. «Kku m^Mi 

0' CD, m^lSiL® 1 0 tlt^tWilSS:, 7* hi/*;* hM3 OtcTJI 
e>. fit, X^®iCii^> t£^£&£f|--tf>x*/^>?'?£lC J: y 

0 &i&£-r£o 

[0 0 6 9] 

04 <7)X@(D{C3i^, nSGaPJ:»J«!5iHl7b (H V P E fH?**) 
HVPE&lCiy, *«6ISjt»l 0 %<*tf«fc^»C^3-ti:S (3£zi©^*S 
m&Jim) = HVPEill JUfclftlCte, ^f§F*HCTI I IiSlt^SGa?: 

TIE (1) SOSJSlCi'JGaClS^St, 'J 7^t$)SH 2 ^t 
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Ga mm +HC1 - GaCl +1/2H 2 — (1) 

GaP©^, ^MI««lili6 4 0°CJ^_t8 6 0 °C J^-RCg^^f £<. £ fc, 
VfiRTCaRTfe* Ptt, PH 3 Sr^r-V U 7 #*T*&£ H 2 £ £ fcicg«_tic£y&t- 
S„ 3*>IC, Si. S, S e ^ J: {>'T e © 1 1* fctt 2 $ US nS K- 

A°>Mi, -^-tl^tlS i H 4 , H 2 S. H 2 Se, DETeC^tfMtS. G 
aC lttPHg fcafijEtttCfctU TfH (2) 5£<Z>jRjStC «fc U , GatCWta 

GaCl + P H 3 

-GaP (HflO +HC1 +H 2 •••• (2) 

[0 0 7 0] 

a«, <i 1 1 >%mzmmt ^xmrn^yry^^^m-t^^^x^-ox-^ 

<fcV>) o #tC, t7T>Wl 0° J«_h2 0° (M* L < 1 3° JgU: 1 

7° J^T) <2±$fi£*-f SG a A s#*g||S;R&JBv*£fc, «$KJ£iWS 7 ©^pg 

^15:#5fei!)©, HVP E&IC J: S«^tfcM 7 ©jgiE^^MMS:. 6 4 ! 0 
1CJgU:7 5 OTCJSTF U 'Jlib<tt6 8 0°CJ£Lt7 2 0°CJ^T) tCTlfS^^ 

ftSUitsii:^^ 0^Tte#§ftJIS2 4<© K-;\°> h^n7 7^;i/©fil; 

[0 0 7 1] 

-tSBHH® 7 b©^*«»Tbfce>X'S©JC5i*, Si, S, SefeitfTe 
[0 0 7 2] 
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mmfentm® fit, m~mm2 o £a s ^~* hmnmm 

^ f 1 6 nmo)^nmt.iztt^^mmx'A umou^ 1 1 *-&y 

tl5„ C>T^ 1 7(D^>^^ #*^ICJ: UH^-tf>3g— 

[0 0 7 3] 

) o msoi^ytm+z o mmm±mi o&, mmmmm i 7 

ZDMHC^f <fce>tC, «^PflihJf 1 0 il^SG a A s x _ a P a (0. 5 ^ a 
0. 9) frbtezm^Ml 0' M^lM^-i®^'ft:^7Km^St§:Mv>T^ 

^&3gp3«i i' £x-/^>^[&£ir-£ 0 ftOTitJii oc^TTOfiegJii 1 » 

[0 0 7 4] 

ttft&ffeJB §rGaA Sl _ a P a (0. 5 ^ a ^ 0. 9), «^PIihjf & A 1 
d G ai _ d P («*.tfd = 0. 2) JCT*«*rS#^ HVPE^lCiSGa 
As x _ a P a® (^Hjf 7 b) (Dm&ff. tfrffi (2) 5£ &C V ^ T , P H 3 t H 
=foiCA s Hg»M$tl, MfiS^, 6 4 0°CJ^±8 3 0°C^Til^^{£^lC 

[0 0 7 5] 

Ga A s x _ a P a <fc VnmmWtm*m&*&Z.£"e. ±ffitf)J:e>tCHVPE 
mz£V &&-f2> ffi<Df&-&Umtf1&^o tot, »3fcJSaMffllC, nS0GaAs 



3 3 



2003-3041348 



#2003—137052 

A>h (si, s, sefe<fco t Te©is*fet±2SJK±) afiftytmmmzt&m 
<fc *;*ctc< v*. 

[0 0 7 6] 

titt|7 &_tga©«J:e>tCG a A s P tCT#/*f<5»-&, ^OLPESS: 
H#&o£#, #2PI<2i: 3 {CHVPE&SrggMi- •£>£:, Z(D J: ? ^M«DA7 
[0 0 7 7] 

EI 7 <Z)5§3fc||^ 3 0 0tf)i:e>lC, HEM 1 1 ' (DmZft 1 nm«±5 0 
«^lfijfc«l O^^MWlCjSV^Tfc, a htgHjf7 b fcODRJCtt 

[0 0 7 8] 

0 8©»3feiR^4 o o it, mffimitmz&mLfrmi&ziFLT^Zo r 
iSMojf gp£ bt^L, **«ffcJi 7 ©-e*i^©as^s:H v p E-sias 

H V P EM^t. LT^1*5 i: «k V\ 
[0 0 7 9] 

£<b(C, H9©«)6*?5 0 0tt, , «fl6lt*Jl7©il»€:nS!GaPlCJ:y 
JgJSfcU tilii:! 7 ©tiMIM©*niG aAsPf7si: bTMf 
<E> G a A s PJB7 sf%(CS i, S, S e ^i^T e © feli 
21K±$: F-A°> h fTSlSI8ISK-lf>yjS8 S:^LfefiIt»«, HVP 
E&{cj:£h, m^fcS7 0^^tfJT**MS:^55-r-5z:i: (ZKD^, Ga 
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P-GaAsP) VtejtmiSX (AsHgWPHg) (DM^ itm (D^lZ 
[0 0 8 0] 

^tfsv^cfam-f £ 2JS, f fcfc>t>A> 7x*;i^-©/Jn£^#;r 
Mfc*£v^MM££, #**^©¥^eifcxgfcl,<tt*ftJ^Ta>ffS 

±fla#5ST?tt, (&smitf-;i/) ©x*;i/3f-#*^ffc3*isfc 

&JCtt»SL3*v^m«*ft©fii«<fti;K:»Jft^**. $^{c, #FfffcKMi: 
{iffstf^sic/j^v^ft, 2~3%®s*T*x*&4xiil&^lS[©-rti^fi : ^s 

li5 nmllfiltSit^tS. 
[0 0 8 1] 

»UT : fe<fcVN 0 SWfffcUTti, mZ.lt. WM¥7- 6 6 4 5 5#^#IC^S 
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